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S U M M A R Y  

A s i m p l e ,  t w o - s t e p  s y n t h e s i s  of f u m a r i c  a ~ i d - l - ' ~ C  f r o m  
r a d i o a c t i v e  p o t a s s i u m  c y a n i d e  and m e t h y l  2 - c h t o r o a c r y l a t e  is 
d e s c r i b e d .  The i n t e r m e d i a t e  p r o d u c t s ,  m e t h y l  and 
3 - c y a n o a c r y l a t e s  and t h e  cis and t r a n s  3 - c y a n o a c r y l i o  a c i d s ,  
were  h y d r o l y z e d  d i r e c t l y  t o  f u m a r i c  ac id- l -"C i n  55-60% 
y i e l d s .  D ,  L-mat ic  a ~ i d - C 0 0 H - ~ ~ C  was a l s o  o b t a i n e d  a s  a b y p r o -  
d u c t  i n  9% y i e l d .  A r e a c t i o n  mechanism i s  p r o p o s e d .  

INTRODUCTION 

Labeled fumaric acid is a versatile precursor for several compounds of 

chemical and biochemical importance, e.g. maleic acid, maleic anhydride, N-ethylmalel- 

mide, etc. 

acid-l-14C starting either with labeled potassium cyanide or with labeled carbon 

d i oxide. 

Several procedures have been published for the preparation of fumaric 
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Nystrom Sfi.' u t l l  i r e d  the four-s tep sequence, 1,2-dibrcmoethane- 

s u ~ c i n o n i t r i l e - l - ~ ~ C -  succ in i c  acid-1- l4 C k 
acid-l-14C - f u m r i c  ac id- l - I4C which formed the des i red compound I n  

63-76% y i e l d  based on potassium cyanlde. Although e x c e l l e n t  y i e l d s  a r e  rea l i zed ,  t h i s  

method i s  lengthy and time-consuming. The use of  sealed tubes i n  the bromination s tep  

(96 hour r e a c t i o n  t ime  a t  100") i s  hazardous and presents l i b i t a t i o n s  t o  scale-up. 

Benson ~t.~ and Jorgensen 5&.4 proceeded from labeled a c e t i c  a c i d  t o  d i e t h y l  oxal -  

acetate.  C a t a l y t i c  hydrogenation o f  t he  d i e t h y l  e s t e r  fol lowed by hyd ro l ys i s  produced a 

m ix tu re  o f  succ in i c  acid-l-"C 

l a t t e r  was thermal ly  dehydrated t o  fumar ic  acid-l-14C i n  81% y i e l d  . 
l - 1 4 C  and 

v i a  condensation w i t h  sodium d i e t h y l  m l o n a t e .  The r e s u l t a n t  t r i e s t e r  was 

brominated and then subjected t o  a c i d  hyd ro l ys i s  t o  e f f e c t  concomitant h y d r o l y s i s  

and dehydrohalogenation t o  fumar ic  a c i d  i n  8% y i e l d s .  

2,3-dibromosuccinic 

(28% y i e l d )  and 0.L-ma1 i c  acid-4-14C (39% y i e l d ) .  The 

4 Fumaric ac id ,  b o t l  

d 4 C ,  has a l s o  been prepared from the  approp r la te l y  labeled e t h y l  bromacetatt 

- 

DESCRIPTION OF THE PROCEDURE 

The present  procedure represents  a b r i e f ,  two-step synthes is  o f  

fumar ic  ac id ,  unequivocal ly  labeled i n  the C-1 p o s i t i o n ,  s ta r t i ng '  w i t h  methyl 

2 -ch lo rac ry la te  as shown i n  Scheme 1: 

The s t a r t i n g  m a t e r i a l  ( I t ) ,  i s  commercial ly ava i l ab le ,  but  undergoes 

r e l a t i v e l y  f a c i l e  po lymer izat ion.  Freshly  d i s t i l l e d  methyl 2 -ch lo roac ry la te  can 

be s to red  f o r  severa l  months a t  5" a f t e r  s t a b i l i z a t i o n  w i t h  0.1% hydroquinone o r ,  

a l t e r n a t i v e l y ,  I I  can be r e a d i l y  prepared from the s tab le  methyl 2,3-dichloro- 

propionate by dehydrohalogenation w i t h  q u l n o l i n e  . 6 

Treatment o f  methyl 2 - rh lo roac ry la te  w i t h  labeled potassium cyanide 

i n  aqueous methanol i n  the presence o f  sodium b icarbonate y le lded  a m ix tu re  of 

*More c o r r e c t l y ,  t he  l a b e l  i s  s t a t i s t i c a l l y  d i s t r i b u t e d  a t  both 
C - 1  and C-4  pos i t i ons .  
species i s  therefore formed a t  h igh  s p e c i f i c  a c t i v i t i e s .  

A s i g n i f i c a n t  amount o f  the doubly labeled 
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methyl trans-3-cyanoacrylate (I I la )  and methyl c[s-3-cyanoacrylate ( I  I Ib )  i n  the 

approxlmate r a t i o  of 5: l .  The repor ted y i e l d  of t he  es te rs  I l l a  and I l l b  t o t a l s  

4a7 f o r  a fwr hcur r e a c t i o n  t ime. 

16 hours and u t i l i z a t i o n  o f  t he  ac ids IVa and IVb** ra i sed  the conversion of 

potassium cyanide t o  70-80%. 

the h y d r 6 l y s i s  o f  the corresponding es te rs  under the m i l d l y  bas ic  cond i t i ons .  

Homver, extens ion o f  the reac t i on  t ime t o  

The f r e e  ac ids  IVa and IVb probably r e s u l t e d  from 

The r e a c t i o n  m-ixture was d i l u t e d  w i t h  water ,  a c i d i f i e d  and ex t rac ted  

w i t h  e t h y l  acetate.  

I l l a ,  I l l b ,  IVa, IVb and s t a r t i n g  ma te r ia l  I I .  

f u m r i c  ac id ,  the m ix tu re  was not  f rac t i ona ted  p r i o r  t o  hyd ro l ys i s  w i t h  62 

Evaporation o f  the e x t r a c t  a f fo rded  a crude m ix tu re  o f  

For the  purpose o f  conversion t o  

The pos tu la ted  presence of bo th  t rans  and c i s  isomers of 
3-cyanoacry i lc  a c i d  i s  based on x b s c r v x o n  by GC o f  both 
t rans  and c i s  methyl e s t e r s  upon methy la t i on  w i t h  methyl i od ide  
G t h a n o m n  the presence o f  potassium carbonate. The poss i -  
b i l i t y  e x i s t s  t h a t  i s a n e r l z e t l o n  may have occurred under these 
condi t ions.  Reaction w i t h  d i a z m t h a n e  y i e l d e d  o n l y  less v o l a t i l e  
adducts. 
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hydroch lo r i c  ac id .  Concentrat ion of the hydro lysate gave c r y s t a l l i n e  fumaric 

a c i d  i n  45% y i e l d  based on potassium cyanide. The m t h e r  l i q u o r  contained an 

a d d i t i o n a l  q u a n t i t y  o f  fumarlc ac id - l - I 4C  (11%) and 9% D,bma l l c  a c i d - I -  

The l a t t e r  i s  t he  product o f  hyd ra t i on  o f  fumaric a c i d  and becomes more dominant 

on prolonged r e f l u x i n g  w i t h  6 hyd roch lo r i c  ac id .  

14 C and 4 - I4C .  

The fumarlc a c i d  was f r e e  o f  m l e i c  a c i d  o r  ma l i c  a c i d  by paper 

chromatography. The radiochemlcal p u r i t y  exceeded 99%. Dehydration w i t h  

phosphorus pentoxide by the method o f  Nystrom 5t.l produced male ic  anhydride 

i n  95% y i e l d .  

PROPOSED MECHANISM 

The mechanism o f  t h i s  r e a c t i o n  appears t o  be unknown. I t . i s  

postu la ted t h a t  a Michael a d d i t i o n  o f  cyanide occurs f i r s t ,  s ince ac t i va ted  

unsaturated es te rs  undergo f a c i l e  base-catalyzed 1 ,k -addi t ion o f  hydrogen cyanide . 
E q u i l i b r a t i o n  o f  t he  r e s u l t a n t  carbanion % t o  the more s t a b l e  carbanion 5 i s  fo l lowed 

by !?-e l iminat ion o f  c h l o r i d e  i on  w i t h  regenerat ion o f  the double bond. (Scheme 11) 

a 

S c h o m o  2 

H O  

( 111 0 ,  b )  
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However, the expected a d d i t i o n  product could not  be detected by 

gas chromatography i n  the r e a c t i o n  m ix tu re  under standard cond i t i ons  o r  a t  

lower pH values o f  4,  5,  6 and 7 under cond i t i ons  where e l i m i n a t i o n  o f  c h l o r i d e  

would be less favorable.  

o f  I I l a  and I I b  were formed a t  h igher  pH values. 

No r e a c t i o n  occurred a t  pH 4 and Increas ing amounts 

EXPERIMENTAL 

b l t i n g  p o i n t s  were determined i n  Mel-Temp apparatus and a re  corrected.  

B o i l i n g  po in ts  a re  uncorrected. I n f r a r e d  spect ra were obta ined i n  KBr p e l l e t s  i n  

a Perkin-Elmer 137 s p e c t r o p h o t w t e r .  Gas chromatographic analyses were run i n  a 

Perkin-Elmer F-21 gas chromatograph under the f o l l o w i n g  cond i t i ons :  de tec to r ,  FIO; 

c a r r i e r  gas. N2 a t  0.60 Kg/cm2; i n j e c t i o n  temperature, 175"; column temperature, 

112'; mani fo ld  tenperature; 126". Column: 1/4" 0.0. X 6 '  aluminum. Column packing: 

SE-30 (19%) on 80-100 mesh Chromosorb B (ac id  washed and t rea ted  w i th  d imethy l  c h l o r o s i l a  

Thin- layer  chromatograms were run on c e l l u l o s e  layers con ta in ing  a f l uo rescen t  Ind ica-  

t o r .  Solvent system, 95% ethanol-water-concentrated a m n i a  (80: 10: 20). Whatman 

3MH paper was used f o r  ascending chromatography i n  the same solvent  system. Spots 

were v i s u a l i z e d  under U.V. (254nm) and by spray ing w i t h  bromcresol green (0.04% 

i n  ethanol )  

Methyl 2-ch loroacry la te ( I  I) .  This  compound was prepared from methyl 

2,3-dlchloropropionate (Eastman Kodak Corporation) according t o  the procedure o f  

Marvel e . ( 6 ) .  The methyl 2-ch loroacry la te,  b.p. 71-73"/120m, was d i s t i l l e d  

from the reac t i on  mixture i n  81% y i e l d  and was used wi thout  f u r t h e r  p u r i f i c a t i o n .  CC 

ana lys i s  i nd i ca ted  a p u r i t y  o f  98-99% ( R i l . 7  min. and i m p u r i t i e s  a t  

min.). 

nwnths. 

0.7 and 2.2 

S t a b i l i z a t i o n  w i t h  0.1% hydroquinone permi t ted storage a t  5" f o r  several 
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Methy l - t rans and c is-3-cyanoacry la tes ( I I l a  and I l l b ) :  The published 

procedure7 was used, except f o r  an increase i n  the  r e a c t i o n  t ime from fou r  t o  

s i x teen  hours'. 

times w i t h  e t h y l  ace ta te .  

3-cygnoacrylate ( I  I l a ) ,  b.p. 85-88"/31mn, m.p. 31-33", G C :  RT-2.0 min. ( l i t .  (9) 

m.p. 32-34")'and a mixed f r a c t i o n ,  b.p. 65-84"/10mn, con ta in ing  74% I l l a  and 26% 

I I l b ,  RT-4.0 min. ( t he  published r e t e n t i o n  times f o r  I l l a  and I l l b  on a Carbowax 

column a t  140' and 25 p s i  a re  2.9 and 9.3 min., respec t i ve l y ) .  

The reac t i on  m ix tu re  was d i l u t e d  w i t h  water and ex t rac ted  three 

F rac t i ona t ion  o f  t he  e x t r a c t  a f fo rded  pure methyl trans- 

Cis and t rans  3-cyanoacry l ic  ac id  (IVa and IVb): The mixed ac ids were 

i s o l a t e d  by e x t r a c t i o n  o f  the a c i d i f i e d  aqueous laye r  a f t e r  the e x t r a c t i o n  o f  the 

methyl esters .  The e x t r a c t s  were washed three times w i t h  a saturated NaCl so lu t i on ,  

d r i e d  (Na2S04) and evaporated t o  dryness. 

209 s i l i c a  g e l  EM ( a r t i c l e  #7734) i n  chloroform. 

methanoi (95:5) e luates were evaporated and the residue c r y s t a l l i z e d  from 

benzene-wtroleum ether .  

(6% y i e l d )  m.p. 100-101.5°; n e u t r a l i z a t i o n  equ iva len t ,  ( c a l c ' d  97.11, 98.2; I . R .  

(cm-I) 3100 broad, 2235 (CZN) 1722 (C=O) 1628 (C=C). 

found: 98.4,  S i l i c a  g e l  TLC (Quantum 2iF;  chloroform-methanol-formic ac id ,  95:5:1) 

R f  0.3-0.4. 

Methy lat ion o f  IVa and IVb: 

G C  i nd i ca ted  two components corresponding t o  i l l a  and I l l b .  b. diazomethane i n  

d i c h l o r m t h a n e :  the reac t i on  product  was a less v o l a t i l e  c r y s t a l l i n e  s o l i d  which was 

not  i d e n t i f i e d  and probably resu l ted  from 1,3-d ipo lar  a d d i t i o n  o f  diazomethane t o  

I l l  o r  I V .  

The residue ( l g )  was chromatographed on 

The ch loroform and ch loroform- 

The c r y s t a l l i n e  3-cyanoacry l lc  ac ids weighed 290 mg 

10 L i t .  m.p. 98.0"; N.E. 

a. V& methyl iodide/K2 CO.  i n  methanol f o r  16 hours'': 3 

12 

14 14 Fumaric Ac id- I -  C :  The reac t i on  o f  K CN w i t h  II was conducted i n  

a 50cc f l a s k  sealed w i t h  a rubber septum. Methyl 2 -ch lo roac ry la te  (1.0709, 8.85mM), 

sodium b icarbonate (0.748g, 8.85mM), methanol (1.6 cc ) ,  water ( 0 . 7 ~ ~ )  and 

0.02 cc a n i l i n e  were added t o  the f l ask .  

fastened, s ince s l i g h t  pressure developed i n  the course o f  the reac t i on .  The 

The septum was at tached and secure ly  
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14 K 

106 mC i n  8.85 nM was d isso lved i n  1.4 cc water and added dropwise a sy r inge  

t o  the s t i r r e d  reac t i on  m ix tu re  w h i l e  c o o l i n g  i n  an ice-water bath. The m ix tu re  

CN, 166 mg unlabeled and 410 mg labeled KCN, s p e c i f i c  a c t i v i t y  16.8 mC/mH t o t a l i n g  

was s t i r r e d  a t  0-5" f o r  one hour and a t  ambient temperature f o r  16 hours. A f t e r  

d i l u t i o n  w i t h  water (10cc) and a c i d i f i c a t i o n  w i t h  6EtiCl ( 3 . 5 ~ ~ ) .  the mix tu re  was 

purged b r i e f l y  w i th  N2 t o  remove H 

t r a c t i o n  w i t h  e t h y l  acetate ( 4 x 5 ~ ~ )  y ie lded  an e x t r a c t  con ta in ing  91 mC. 

spent aqueous laye r  contained 4.5 mC. The e t h y l  acetate e x t r a c t s  were concentrated 

- vacuo (asp i ra to r )  a t  25-30' t o  a l i g h t  brown o i l  con ta in ing  I I ,  1 1  la ,  I I  l b ,  iVa and 

IVb. 

14 CN which was trapped i n  I! NaOH (11.4mC). 

The 

Ex- 

The m ix tu re  was hydrolyzed w i thou t  p r l o r  f r a c t i o n a t i o n .  

The crude concentrate was re f l uxed  i n  6K H C l  (21cc) f o r  two hours. 

The hyd ro l ysa te  was evaporated to  dryness i n  vacuo (asp i ra to r )  and the res idue was 

c r y s t a l l i z e d  from water t o  y i e l d  502 mg fumaric ac id - I -  

The chemical and radiochemical y i e l d s  were 45% based on the KCN in t roduced ( s p e c i f i c  

a c t i v i t y  10.8 mC/mH; 48 mC). TLC and paper chromatography i nd i ca ted  a radiochemical 

p u r i t y  o f  g rea te r  than 99% and no detectable amounts o f  labeled maie ic  a c i d  o r  0,L- 

ma l l c  acid. 

3M paper and y ie lded  an a d d i t i o n a l  12 mC o f  fumar lc  a c i d  (11%) and 9 mC D.L-malic 

14 
a c l d  (8.5%). 

method o f  Nystrom 5 d.' proceeded in 95% y i e l d .  

14 C as tan co lored c r y s t a l s .  

The f i l t r a t e  and washes (26.3 mC) were chromatographed on Whatman 

Conversion o f  the fumaric a c i d - I -  C t o  male ic  anhydride-l-14C by the 
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